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Outer-Loop Power Control Device and Method thereof 

Cross Reference to Related Application 

This application is a continuation of 
5 international PCT application No . PCT/ JPOl/00267 filed 
on January 11, 2001. 



Background of the Invention 
Field of the Invention 

10 The present invention relates to an outer-loop 

control device in a CDMA mobile communications system 
and a method thereof. 

Description of the Related Art 

15 Recently, a CDMA mobile communications system has 

been spotlighted as a next-generation communications 
system. 

In a CDMA mobile communications system, a 
plurality of channels share one frequency band. In this 
20 case, each channel is identified by. a spreading code 
attached to it. Therefore, an interference noise power 
varies depending on the number of simultaneous user. 

Generally, the longer a propagation distance is, 
the larger the power attenuation of a radio wave is. 
25 The instantaneous power value of a receiving signal 
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also changes due to multi-path fading and the, like. 
Therefore^ it is difficult to stably maintain the 
communications quality of a mobile station connected 
to a base station at a desired level, 
5 In order to follow such a large change in the 

number of interfering users and instantaneous value 
changes due to multi-path fading, a closed loop 
transmission power control (TPC) , for controlling an 
SIR in such a way that an SIR (signal to interference 

10 ratio) on a receiving side may approach a reference SIR, 
is exercised by measuring a signal-to-interference 
power ratio (SIR) on the receiving side and comparing 
the measurement value with the reference SIR. 

However, an SIR needed to obtain a desired quality 

15 (block error rate) varies with the change of travel speed 
in communications or the change of a propagation 
environment during travel. A block error is observed 
in order to compensate for this change. If the observed 
value is higher than a desired BLER (target block error 

20 rate) , the reference SIR is increased. If the 
observation value is lower than a desired BLER, the 
reference SIR is decreased. Flexibly controlling a 
reference SIR in this way is called outer-loop control. 
For the outer-loop control method described above, 

25 the following methods have been used. 
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(1) Technical Report of lEICE, RCS98-18, pp. 51-57 

(2) The 1999 General Conference of The Institute of 
Electronics, Information and Communication 
Engineers, B- 5-14 5 

5 (3) The 2000 General Conference of The Institute of 
Electronics, Information and Communication 
Engineers, B-5-72, etc. 
In the description below, the following symbols 
are used. 

10 T: Block error observation time period 

BLER: Target block error rate 

Sine: Unit increment in the case where a reference 
SIR is increased at the time of a reference SIR update 

Sdec: Unit decrement in the case where a reference 
15 SIR is decreased at the time of a reference SIR update 

In method (l)f a reference SIR is 
increased/decreased depending on the number of block 
errors occurring in a predetermined observation time 
period. 

20 In method (2) , it is detected whether there is an 

error in each block. If there is an error, the reference 
SIR is increased. If there is no error, the reference 
SIR is decreased. 

In method (3) , if there is an error in an 

25 observation time period T calculated by T (block error 
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observation time period) =round (In 2/BLER) , the 
reference SIR is increased. If there is no error, the 
reference SIR is decreased- The word ''round" means to 
count fractions of 5 and over as a unit and to disregard 
5 the rest- 

Table 1 shows the comparison result of these 
methods - 
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In method (1) , a reference SIR update interval is 



fixed and is long. Both the update interval and the 
increment /decrement of the reference SIR are 
empirically determined. No theoretical ground is shown. 
5 In method (2), the size of Sdec is sometimes too 

small compared with Sine. For example, if a target block 
error rate, the increment Sine of a reference SIR are 
0.01 and 1 (dB) , respectively, the decrement Sdec of 
the reference SIR becomes approximately 0,01 (dB) and 
10 is too small. If the value must be implemented by 
hardware and if both SIR measurement accuracy and a 
reference SIR control step are taken into consideration, 
it is not practical to finely control the reference SIR 
in this way. 

15 In method (3) , if a BLER is given, an observation 
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time period T is uniquely determined. If there is an 
error, the reference SIR can be immediately updated. 
However, if there is no error, the set observation time 
period cannot be updated. Therefore, if a BLER is low, 
5 au update interval becomes fairly long. 

Summary of -bhe Invention 

An object of the present invention is to provide 
a higher-speed and higher-accuracy outer-loop control 

10 device for reducing the amount of interference given 
to another terminal and a method thereof. 

In the outer-loop control device of the present 
invention, the reference signal-to-interference power 
ratio, which is the basis of transmission power control 

15 by a communications environment, is variable. The 
control device comprises a signal-to-interference 
power ratio measurement unit measuring the 
signal-to-interference power ratio of a receiving 
signal, an error rate measurement unit measuring the 

20 error rate of receiving data, a reference 
signal-to-interference power ratio modification unit 
setting the observation time period/number of error rate 
observation target data blocks of an error rate, the 
unit increment of a reference signal-to-interference 

25 power ratio, the unit decrement of a reference 



signal-to-interference power ratio and a target signal 
error rate in such a way to satisfy a prescribed relation 
equation and modifying the reference 

signal-to-interference power ratio, based on the 
5 measured error rate, and a command generation unit 
generating a command signal for transmission power 
control by comparing the modified reference 
signal-to-interference power ratio with the measured 
signal-to-interference power ratio. 

10 In the outer-loop power control method of the 

present invention, the reference signal-to- 
interference power ratio, which is the basis of 
transmission power control by a communications 
environment, is variable. The control method comprises 

15 measuring the signal-to-interference power ratio of a 
receiving signal (signal-to-interference power ratio 
measurement step) , measuring the error rate of receiving 
data (error rate measurement step) , setting the 
observation time period/number of error rate 

20 observation target data blocks of an error rate, the 
unit increment of a reference signal-to-interference 
power ratio, the unit decrement of a reference 
signal-to-interference power ratio and a target signal 
error rate in such a way to satisfy a prescribed relation 

25 equation and modifying the reference signal-to 
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-interference power ratio, based on the measured error 
rate (reference signal-to-interference power ratio 
modification step) and generating a command signal for 
transmission power control by comparing the modified 
5 reference signal-to-interference power ratio with the 
measured signal-to-interference power ratio (command 
generation step) . 

According to the present invention, since the unit 
modification amount of a reference signal-to 

10 -interference power ratio can be flexibly set according 
to a prescribed relation equation, finer transmission 
power control can be exercised. Since a data error rate 
can be properly prevented from degrading, quality 
communications can be maintained. 

15 Since in an initial state where a terminal or base 

station has just been activated, the modification of 
a reference signal-to-interference power ratio can be 
rapidly converged to a stable state by properly setting 
the unit modification amount, the negative influence 

20 of the interference power of a radio wave transmitted 
by the relevant terminal, which is passed to another 
terminal due to prolonged improper transmission power 
control, can be suppressed. 
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Brief Description of Drawings 

Fig- 1 shows the configuration of the transmission 
power control device in the first preferred embodiment 
of the present invention. 
5 Fig. 2 shows the configuration of the T/Sinc/Sdec 

determination unit (No. 1) . 

Fig. 3 shows the configuration of the T/Sinc/Sdec 
determination unit (No. 2). 

Fig. 4 is a flowchart showing the process of the 
10 first preferred embodiment - 

Fig. 5 shows an example of reference SIR 
increase/decrease by outer-loop control. 

Fig . 6 shows the data process in the second 
preferred embodiment of the present invention . 
15 Fig. 7 is a flowchart showing the process in the 

second preferred embodiment of the present invention. 

Fig. 8 shows the configuration of the device in 
the second preferred embodiment. 

Fig. 9 shows the data process in the third 
20 preferred embodiment of the present invention. 

Fig. 10 shows the configuration of the device in 
the third preferred embodiment. 

Fig. 11 shows the configuration of the device in 
the fourth preferred embodiment. 
25 Fig. 12 shows the configuration of the device in 
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the fifth preferred embodiment. 

Fig. 13 shows the sixth preferred embodiment of 
the present invention (No.l). 

Fig. 14 shows the sixth preferred embodiment of 
5 the present invention (No. 2). 

Fig. 15 shows the sixth preferred embodiment of 
the present invention (No. 3). 

Fig. 16 shows the sixth preferred embodiment of 
the present invention (No. 4). 
10 Fig. 17 shows the seventh preferred embodiment of 

the present invention (No.l). 

Fig. 18 shows the seventh preferred embodiment of 
the present invention (No.2)- 

Fig. 19 shows the eighth preferred embodiment of 
15 the present invention (No.l). 

Fig. 20 shows the eighth preferred embodiment of 
the present invention (No. 2). 

Fig. 21 shows the ninth preferred embodiment of 
the present invention. 
20 Fig. 22 shows the problems of the update method 

in the initial state of the reference SIR in outer-loop 
control . 

Fig. 23 shows the typical change of the reference 
SIR in outer-loop control in the tenth preferred 
2 5 embodiment of the present invention. 
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Fig. 24 shows the tenth preferred embodiment of 
the present invention (No. 1) . 

Fig. 25 shows the tenth preferred embodiment of 
the present invention (No. 2) . 
5 Fig. 26 shows the eleventh preferred embodiment 

of the present invention (No. 1) . 

Fig. 27 shows the eleventh preferred embodiment 
of the present invention (No. 2). 

10 Descrip-bion of the Preferred Embodimen'ts 

Both a target BLER in a stable state and the 
conditions of observation time period/Sinc/Sdec of a 
block error are theoretically calculated, and the 
observation time period. Sine and Sdec are set in such 

15 a way to meet the conditions. 

According to this method, it is acceptable if the 
observation time period/Sinc/Sdec of a block error are 
determined in such a way to meet specific conditions. 
Therefore, each parameter can be freely set. Even if 

20 there is a restriction in. hardware design, design can 
be adjusted accordingly. 

In the first preferred embodiment, control is 
exercised as follows. Specifically, since a no-error 
probability in the case where one block is observed in 

25 a state where communications are conducted at a block 
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error rate of BLER is (1-BLER)^ a no-error probability 
through all T blocks is as follows, assuming that an 
observation time period is T blocks. 
(1-BLER)'^ 

5 An error probability within the observation time period 
is obtained as follows by subtracting the expression 
from 1 . 

1- (1-BLER)'' 

In the outer-loop control of the present invention, 
10 if there is an error, the reference SIR is increased 
by Sine. If there is no error after T blocks are observed, 
the reference SIR is decreased by Sdec. In this example, 
in the case of a probability of 1- ( 1-BLER) the 
reference SIR is increased by Sine. In the case of a 
15 probability of (l-BLER)*^, the reference SIR is decreased 
by Sdec. 

Since the increment and decrement of an average 
reference SIR are equal in a stable state where a block 
error rate is averagely maintained at a target level, 
20 the following equation holds true. 

{1- (1-BLER)'^} X Sine = (l-BLER)^x Sdec (1) 
If T, Sine, and Sdec are set in such a way to satisfy 
equation (1), the block error rate can be converged to 
BLER. 

25 Fig. 1 shows the configuration of the transmission 
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power control system in the first preferred embodiment 
of the present invention. 

A mobile station 10 receives a signal from a base 
station 11 and demodulates the signal using a 
5 demodulator 12. An SIR measurement unit 13 measures the 
SIR of the receiving signal using the pilot section of 
the signal outputted from the demodulator 12. A 
comparator 14 compares the SIR measurement value with 
a reference SIR. If the SIR measurement value is larger 

10 than the reference SIR, the comparator 14 generates and 
outputs a command to request a base station to decrease 
the transmission power. If the SIR measurement value 
is smaller than the reference SIR, the comparator 14 
generates and outputs a command to request a base station 

15 to increase the transmission power. A decoder 15 decodes 
the signal outputted from the demodulator 12. A CRC 
detector 16 detects a CRC from the decoding result. A 
reference SIR control unit 17 increases/decreases the 
reference SIR, which is the basis of outer-loop power 

20 control, according to the algorithm shown in Fig. 4. 
T, Sine, and Sdec are set in the reference SIR control 
unit 17 in such a way to satisfy equation (1). 

In this case, generally, the smaller T is, the 
better BLER change can be followed up. Therefore, it 

25 is preferable for T to be as small as possible. 
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Qualitatively^ the smaller T is, the larger and smaller 
Sine and Sdec, respectively, become. If either Sine or 
Sdec becomes too large, a target SIR (reference SIR) 
greatly changes. This phenomenon is not preferable from 
5 the viewpoint of a characteristic, interference and the 
like . 

The ranges of optimal T, Sine and Sdec are 
determined by taking into consideration both 
characteristics and hardware feasibility. Therefore, 

10 it is acceptable if of three parameters, two are first 
selected within the respective ranges and the remaining 
one is determined in such a way to satisfy equation (1) . 

Prior to the hardware implementation, the optimal 
value of each of T, Sine, and Sdec is calculated in 

15 advance by actually computing the average value of the 
BLER and reference SIR of each of a variety of the 
combination of T, Sine, and Sdec. Of the calculated 
parameter values of T, Sine and Sdec, three or two values 
are stored in a table format in advance. 

20 The allowable range of each of T, Sine, and Sdec 

corresponding to a target BLER is stored in a table 
format in advance. Of the three parameters, two 
parameters are selected and the remaining parameter is 
calculated using a DSP. If the calculation result is 

25 located within the allowable range, the value is adopted. 
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If the calculation result is located out of the allowable 
range, the parameter value is calculated with another 
combination of T, Sine and Sdec, and the calculation 
is repeated until the calculation result is located 
5 within the allowable range. The calculation result 
obtained in this way is transmitted to the reference 
SIR control unit. 

Specifically, the parameter values satisfying 
equation (1) of T, Sine, and Sdec corresponding to a 

10 target BLER are calculated in advance, are stored in 
a table format and are written in a ROM. If a higher-order 
layer designates a target BLER, the DSP accesses the 
ROM storing both the target BLER and the combination 
of T, Sine, and Sdec. The DSP reads T, Sine, and Sdec 

15 to be set and transmits the read parameters to the 
reference SIR control unit. 

If each target BLER is given, parameters suitable 
for the target BLER can be calculated. Therefore,' all 
the parameters are calculated and are stored in a table 

20 format in advance. 

Alternatively, the table can include only two of 
the three parameters of T, Sine, and Sdec in advance, 
and after the two parameters are read, the DSP can also 
calculate the remaining one parameter. 

25 Therefore, the reference SIR control command 
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determination unit 20 of the reference SIR control unit 
17 comprises a register temporarily storing T, Sine, 
and Sdec, and a counter counting the number of 
observation blocks. The reference SIR control command 
5 determination unit 20 also communicates with a DSP 18 
and obtains optimal T, Sine, and Sdec. The DSP 18 refers 
to a conversion table 19 storing the optimal combination 
of T, Sine and Sdec, extracts a combination of T, Sine 
and Sdec suitable for the BLER value and stores the 

10 combination in the register of the reference SIR control 
command determination unit 20: The observation block 
counter counts the number of received blocks and CRC 
detector 16 judges whether there is an error throughout 
T blocks. If there is an error throughout T blocks, the 

15 reference SIR is increased and transmitted to a 
comparator 14. If there is no error throughout T blocks, 
Sdec.is inputted to the reference SIR increase/decrease 
control unit 21 from the register, the reference SIR 
is decreased and is transmitted to the comparator 14. 

20 The comparator 14 compares the SIR measurement value 
with the reference SIR, generates a TPC command and 
transmits control information to the base station 11. 

Although in this example, a mobile terminal has 
the configuration shown in Fig. 1, a base station can 

25 also have such a configuration. 
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Figs. 2 and 3 show the configurations of a 
T/Sinc/Sdec determination unit. 

In Fig. 2, when obtaining optimal T, Sine, and Sdec, 
the DSP transfers a target BLER to the conversion table 
5 as an index. The conversion table searches for T, Sine, 
and Sdec using this target BLER as a key, and transfers 
T, Sine, and Sdec, to the DSP. Then, the DSP notifies 
the reference SIR control unit of T, Sine and Sdec, 
obtained in this way together with a target BLER. 

10 Alternatively, as shown in Fig. 3, the DSP can 

obtain all of T, Sine and Sdec by obtaining two of T, 
Sine, and Sdec from the conversion table using a target 
BLER and calculating the remaining one using equation 
(1) or in the case of a preferred embodiment described 

15 later, the equation, and can transfer all of T, Sine, 
and Sdec to the reference SIR control unit together with 
the target BLER. 

Fig. 4 is a flowchart showing the process of the 
first preferred embodiment . 

20 First, in step SI, the number of observation 

blocks is reset. Then, in step S2, a CRC is detected. 
If in step S3, it is judged that there is an error, in 
step S7 the reference SIR is increased by Sine, and the 
process returns to step SI, If in step S3 it is judged 

25 that there is no error, in step S4 the number of 
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observation blocks is incremented, and the process 
proceeds to step S5. Then, in step S5, it is judged 
whether the number of observation blocks exceeds that 
of the observation time period- If the judgment in step 
5 S5 is no, the process returns to step S2 . If the judgment 
in step S5 is yes, in step S6 the reference SIR is 
decreased by Sdec, and the process returns to step Sl. 

Fig. 5 shows an example of the increase/decrease 
of the reference SIR by outer-loop control. 

10 As shown in Fig. 5, if an error is caused in the ■ 

reference SIR by the outer-loop control described above, 
the reference SIR is increased by Sine. If there is no 
. error during the observation time period, the reference 
SIR is decreased by Sdec. In this way, the reference 

15 SIR continues to maintain an' optimal value while 
repeating ups and downs. 

Fig. 6 shows the configuration of the second 
preferred embodiment of the present invention. 

If as shown in Fig. 6, a plurality of pieces of 

20 data are multiplexed in one physical channel and if there 
is no error in any piece of data during observation time 
period T, the reference SIR is decreases by Sdec. If 
there is an error in one piece of data during the 
observation time period, the reference SIR is increased 

25 by Sine when the error occurs. 
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For convenience' sake, a case where two pieces of 
data are multiplexed is described. 

It is assumed that the target block error rates 
of the first and second data are BLERl and BLER2, 
5 respectively. 

Since a probability that there may be no error in 
all pieces of data is ( 1-BLERl ) x ( 1-BLER2 ) per block, a 
probability that there may be no error in all pieces 
of data if T observation blocks are observed assuming 
10 that an observation time period is T is as follows- 
{(1-BLERl) X (1-BLER2)}'^ 
However, a probability that there may be an error in 
one piece of data is obtained as follows by subtracting 
the equation from 1. 
15 1-{(1-BLER1) X (1-BLER2)}^ 

In the outer-loop control of the present invention, 
if there is an error in one piece of data, the reference 
SIR is increased by Sine. If there is no error in any 
piece of data when T blocks are observed, the reference 
20 SIR is decreased by Sdec. Specifically, in this case, 
the reference SIR is increased by Sine with a probability 
of l-{ (1-BLERl) X (1-BLER2) and is decreased by Sdec 
with a probability of { (1-BLERl) x (1-BLER2) 

In a stable state, since the increment and 
25 decrement of an average reference SIR are equal, the 
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following equation holds true. 

[1-{(1-BLER1) X (1-BLER2) l"^] x Sine 
= {(1-BLERl) X (l-BLER2)}^x Sdec (2) 
Fig. 7 is a flowchart showing the process of the 
5 second preferred embodiment of the present invention. 

First, in step SIO, the number of observation 
blocks of the counter is reset. In step Sll, a CRC is 
detected. Then, in step S12, it is judged whether there 
is no CRC error in all pieces of data. If there is a 
10 CRC error, in step S17 the reference SIR is increased 
by Sine, and the process returns to step SIO. If it is 
judged that there is no CRC error in any piece of data, 
in step S13 the number of observation blocks is 
incremented and in step S14 it is judged whether the 
15 number of observation blocks exceeds that of the 
observation time period. If the judgment in step S14 
is no, the process returns to step Sll. If the judgment 
in step S14 is yes, in step S15 the reference SIR is 
decreased by Sdec, and the process returns to step SIO. 
20 Fig. 8 shows the configuration of the second 

preferred embodiment. 

Although in Fig. 8, a plurality of decoders and 
a plurality of CRC detectors are provided, the process 
can also be performed in a time-divisional manner using 
2 5 one decoder and one CRC detector. 
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A signal transmitted from the base station 11 is 
demodulated by the demodulator 12 of the mobile station 
10 and is divided into a plurality of channels. Each 
channel is inputted to a corresponding decoder 15, and 
5 after the decoding, a corresponding CRC detector 16 
detects an error. Then, the error detection result is 
inputted to the reference SIR control unit 17. The 
reference SIR control command determination unit 20 
obtains the values of T, Sine, and Sdec using both DSP 

10 18 and conversion table 19, and stores the values in 
the register. Then, the reference SIR is 
increased/decreased by the reference SIR 
increase/decrease control unit according to the 
flowchart described earlier (the counter counts the 

15 number of observation blocks) and inputs the obtained 
reference SIR to the comparator 14. The comparator 14 
compares the SIR measurement value from the SIR 
measurement unit 13 with the reference SIR and 
generates/transmits a TPC command. 

20 Fig. 9 shows the process in the third preferred 

embodiment of the present invention. 

If a plurality of pieces of data are multiplexed 
in one physical channel, if the number of blocks included 
in a unit time period is different for each piece of 

25 data, and if there is no error in any piece of data during 
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the observation time period, the reference SIR is 
decreased by Sdec, If there is an error in one piece 
of data, the reference SIR is increased by Sine when 
an error occurs. 
5 For convenience' sake, a case where two pieces of 

data are multiplexed, and the first and second piece 
of data include one block and two blocks, respectively, 
of data per unit time period, is described. 

In Fig. 9, data 1, and two pieces of data 2-1 and 

10 2-2 are multiplexed in the frame of one physical channel . 
After a CRC bit is attached to each piece of data, the 
data are encoded and constituted into one physical frame. 
The physical frame is composed of the encoded pieces 
of data 1 and 2, and a pilot signal. 

15 It is assumed that the target block error rates 

of the first and second data are BLERl and BLER2, 
respectively. 

Since a probability that there may be no error in 
all pieces of data is (1-BLER) x (1-BLER2) ^, a probability 

20 that there may be no error in all pieces of data when 
the data are observed during time T assuming that an 
observation time period is T is as follows. 

{(1-BLERl) X (1-BLER2)^}^ 
However, a probability that there may be an error in 

25 one piece of data is obtained as follows by subtracting 
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the equation from 1. 

1-{(1-BLER1) X (1-BLER2)^}^ 
In the outer-loop control of the present invention, 
if there is an error in one piece of data, the reference 
5 SIR is increased by Sine. If there is no error in any 
piece of data when data are observed for time period 
T, the reference SIR is decreased by Sdec. Specifically, 
the reference SIR is increased by Sine with a probability 
of l-{ (l-BLERl) X (1-BLER2) ^l"^, and is decreased by Sdec 
10 with a probability of { (1-BLERl) x (1-BLER2) ^}'^. 

In a stable state, since the increment and 
decrement of an average reference SIR are equal, the 
following equation holds true. 

[l-{ (1-BLERl) X (1-BLER2)^}^] x Sine 
15 = (1-BLERl) X (1-BLER2) X Sdec (3) 

T, Sine, and Sdec such that equation (3) can hold 
true are set. 

Fig. 10 shows the configuration of the device in 
the third preferred embodiment. 
20 Since the configuration shown in Fig. 10 is almost 

the same as that of the device in the second preferred 
embodiment, the overlapping description is omitted 
below. 

In the third preferred embodiment, the number of 
25 blocks included in each frame is different, a counter 
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for counting an observation time period counts the 
number of frames. Since conditions to be met by control 
parameters are different from that of the second 
preferred embodiment, Sine, and Sdec stored in the 
5 conversion table are also different from those of the 
second preferred embodiment. 

Fig. 11 shows the configuration of the device in 
the fourth preferred embodiment of the present 
invention. 

10 In the following description, only parts 

different from Fig. 1 are described. 

If a plurality of pieces of data are multiplexed 
in one physical channel (one physical frame) , 
observation time period T, reference SIR increment Sine, 

15 by which the reference SIR is increased at the time of 
reference SIR update control and reference SIR decrement 
Sdec, by which the reference SIR is decreased at the 
time of reference SIR update control are independently 
. set for each piece of data, the block error rate of each 

20 piece of data is independently monitored, and the 
control algorithm shown in Fig. 4 is executed for each 
piece of data. 

In this. case, if it is assumed that the data number 
of each piece of data, the number of blocks during an 

25 observation time period, a reference SIR increment, and 
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a reference SIR decrement are i, Ti, Sinci, and SdeCi, 
respectively, a probability that there is no error in 
one block is (1-BLERi) . Therefore, a probability that 
there may be no error throughout all blocks Ti can be 
5 as follows - 
( 1-BLERi) 

However, a probability that there may be an error during 
the observation time period can be obtained as follows 
by subtracting the equation from 1. 
10 1- (1-BLERi) 

In a stable state, the following equation holds 

true. 

{1- (1-BLERi) X Sinci 

= (1-BLERi) X Sdeci 
15 The observation time period Ti, reference SIR 

increment SinCi, and reference SIR decrement SdeCi of 
each piece of data are set in such a way that this 
equation can hold true. 

Then, if by CRC detection, the SinCi of a specific 
20 , piece of data i and the SdeCi of a specific piece of data 
k are obtained, the update of the reference SIR can be 
calculated according to the following equation. 

New reference SIR = Old reference SIR + ZiSinCi 
- E^SdeCk 

25 In this preferred embodimient, since control 
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parameters Ti, Sinci, and Sdeci are independently set, 
the same number of reference SIR control command 
determination units as data channels are provided. If 
an error is detected in a CRC or if an observation time 
5 period comes to an end, the reference SIR control command 
determination unit issues a command to designate both 
the increase/decrease of the reference SIR and an 
increment /decrement to the reference SIR 
increase/decrease control unit. The reference SIR 

10 increase/decrease control unit updates the reference 
SIR using the reference SIR update equation described 
above, according to the command designated by the 
reference SIR control command determination unit of each 
data channel and transmits the updated reference SIR 

15 to the comparator. 

Fig. 12 shows the configuration of the device in 
the fifth preferred embodiment of the present invention. 

If a plurality of pieces of data are multiplexed 
in one physical channel (one physical frame) and also 

20 each piece of data has a different number of blocks 
included during a unit time period, observation time 
period T, reference SIR increment Sine, by which the 
reference SIR is increased at the time of reference SIR 
update control and reference SIR decrement Sdec, by 

25 which the reference SIR is decreased at the time of 
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reference SIR update control are independently set for 
each piece of data, the block error rate- of each piece 
of data is independently monitored and the control 
algorithm shown in Fig. 4 is executed for each piece 
5 of data. 

In this case, if each data number, the number of 
blocks included during a unit time period (one 
observation time period) , an observation time period, 
a reference SIR increment, and a reference SIR decrement 

10 are assumed to be i, Ni, Ti, Sinci, andSdeci, respectively, 
a probability that there may be no error in one block 
is (1-BLERi). Therefore, a probability that there may 
be no error during an observation time period becomes 
as follows. 

15 ( 1-BLERi) ^^"^^ 

However, a probability that there may be an error during 
the observation time period can be obtained as follows 
by subtracting the equation from 1. 
1- (1-BLERi) ''^''^^ 

20 In a stable state, the following equation holds 

true - 

{1- (1-BLERi) ^^""^M X SinCi 
= (1-BLERi) ^^""^^ X Sdeci 

The observation time period Ti, reference SIR 
25 increment Sinci and reference SIR decrement SdeCi of each 
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piece of data are set in such a way that this equation 
can hold true. Then, the reference SIR value is updated 
using a reference SIR update equation as described about 
the fourth preferred embodiment, 
5 The configuration of the device in the fifth 

preferred embodiment is almost the same as that of the 
device in the fourth preferred embodiment. Since the 
number of blocks included in each frame is different, 
the counter counts the number of frames instead of an 
10 observation time period- Since a conditional expression 
to be met by control parameters is different, the T, 
Sinci, and Sdeci values stored in the conversion table 
are different than those of the fourth preferred 
embodiment . 

15 Figs. 13 through 16 show the sixth preferred 

embodiment of the present inventions. 

In the case of the transmission/reception of 
packet or control information, blocks are sometimes 
transmitted/received irregularly (at intervals) as 

20 shown in Fig. 16 instead of continuously. In such a case, 
even if observation time period T is constant, the number 
of blocks transmitted/received during observation time 
period T is not constant. 

In such a case, both a probability that there may 

25 be an error during observation time period T and a 
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probability that there may be no error during 
observation time period T vary depending on the 
observation time period. In this case^ the conditions 
to be met by Sine and Sdec vary depending on the number 
5 of blocks received during the observation time period. 

If the number of blocks received during a specific 
observation time period is assumed to be B, conditions 
to be met by target block error rate BLER, the number 
of received blocks B, increment Sine at the time of 

10 reference SIR update control, and decrement Sdec at the 
time of reference SIR update control, become as follows. 
{l-(l-BLER)^} X Sine = (1-BLER)^ x Sdec 
In this case, reference SIR increment Sine is 
preset prior to. the commencement of communications, and 

15 if there is an error before the set observation time 
period T comes to an end, the reference SIR is increased 
by Sine. If there is no error before the set observation 
time period T comes to an end, Sdec is calculated based 
on the number B of blocks received during the observation 

20 time period and the reference SIR is decreased by Sdec. 

Alternatively, Sine values or Sdec values of a 
target BLER can be stored in a table format, one of the 
parameters can be read from the table and the DSP can 
calculate the remaining one parameter using both the 

25 number of received blocks B and Sine or Sdec. 
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As described above, if blocks are discontinuously 
transmitted/received as in packet communications^ the 
number of receiving blocks must be counted. Whether a 
block is transmitted/received is judged based on a TFCI 
5 (Transport Format Combination Indicator) signal that 
is multiplexed as overhead as shown in Fig. 16. 

Fig. 13 is a flowchart showing the process of the 
sixth preferred embodiment. 

First, in step S20, both the number of receiving 

10 blocks and the number of observed blocks are reset . Then, 
in step S21 the TFCI is judged and in step S22 it is 
judged whether there are data. If there are no data, 
the process proceeds to step S28. If there are data, 
in step S23 the number of receiving blocks is incremented 

15 and in step S24 the data are decoded. Then, in step S25 
a CRC is detected. If in step S26, it is judged that 
there is an error, in step S27 the reference SIR is 
increased by, Sine and the process returns to step S20. 
If in step S26 it is judged that there is no error, in 

20 step S28 the number of observed frames is incremented. 
Then, in step S29 it is judged whether the number of 
observed frames exceeds that of the observation time 
period. If the judgment in step S29 is no, the process 
returns to step S21. If the judgment in step S29 is yes, 

25 in step S30 Sdec is obtained by calculation and the like. 
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and in step S31 the reference SIR is decreased by Sdec. 
Then, the process returns to step S20 and the process 
is repeated. 

Fig. 14 shows the concept of one example process 
5 for calculating both Sine and Sdec, based on a target 
BLER. 

First, the DSP receives either Sine or Sdec by 
transferring a target BLER to the conversion table. Then, 
the DSP calculates the remaining one according to the 
10 operation expression described above using both the 

r 

number of receiving blocks and Sine or Sdec, and 
transfers the target BLER, Sine, and Sdec to the 
reference SIR control unit. 

Fig. 15 shows an example configuration of the 

15 device in the sixth preferred embodiment. 

In the description of Fig. 15, only parts 
different from Fig. 1 are described. 

In Fig. 15, a TFCI judgment unit and a receiving 
block counter are provided, and an observation frame 

20 counter is also provided instead of the observation 
block counter. The TFCI judgment unit analyzes a TFCI. 
If it is judged that there are receiving data, the TFCI 
judgment unit decodes the receiving data and detects 
a CRC. If an error is detected, the reference SIR is 

25 increased by the outer-loop control. 
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If it is judged that there are receiving data, in 
the reference SIR control unit, the number of receiving 
blocks is incremented- The number of observation frames 

is also incremented regardless of whether there are 
5 data. 

If the number of observation frames exceeds that 
during the observation time period, the reference SIR 
control unit notifies the DSP of the number of receiving 
blocks. The DSP calculates both the number of receiving 

10 blocks and Sine or Sdec, and the reference SIR control 
unit decreases the reference SIR by the outer-loop 
control- If the number of observation frames does not 
reach that during the observation time period, the data 
of a subsequent frame are processed. 

15 Figs. 17 and 18 show the seventh preferred 

embodiment of the present invention. 

If a plurality of pieces of data are multiplexed 
in one physical channel (one physical frame) and also 
the blocks of each piece of data are irregularly 

20 transmitted/received, the number of the blocks of data 
transmitted/received during observation time period T 
common to all pieces of data varies depending on the 
data or an observation time period. In such a case, the 
conditions met by Sine and Sdec vary depending on the 

25 number of blocks of each piece of data received during 
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the observation time period. 

If the number of blocks received by each piece of 
data during the observation time period is assumed to 
be Bi, conditions to be met by the target block error 
5 rate BLERi, the number of received blocks B^, increment 
Sine at the time of reference SIR update control, and 
decrement Sdec at the time of reference SIR update 
control, for each piece of data become as follows. 

[l-f|(-BLERi)^^]xSinc = f|(l-BLERi)^* xSdec 

i i 

10 In this case, reference SIR increment Sine is 

preset prior the commencement of communications. If 
there is an error during the preset observation time 
period T, the reference SIR is increased by Sine. If 
there is no error during the preset observation time 

15 period T, Sdec is calculated based on the number of 
blocks Bi received during the observation time period. 

Fig. 17 is a flowchart showing the process of the 
seventh preferred embodiment. 

First, in step S40, both the number of receiving 

20 blocks of each piece of data and the number of 
observation frames are reset. In step S41, a TFCI.is 
judged, and in step S42 it is judged whether there are 
data for each data channel. If it is judged there are 
no data, the process proceeds to step S48 . If it is judged 
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there is data, in step S43 the number of receiving blocks 
is incremented and in step S44 the data are decoded. 
Then, in step S45 a CRC is detected. Then, in step S46 
it is judged whether there is no error in all data channel 
5 CRCs. If it is judged that there is even one error, in 
step S47 the reference SIR is increased by Sine and the 
process returns to step S40. If in step S46 it is judged 
that there is no error in all data channels, the process 
proceeds to step S48- 

10 In step 348, the number of the observation frames 

is incremented and in step 849 it is judged whether the 
number of the observation frames exceeds that during 
the observation time period. If the judgment in step 
S49 is no, the process returns to step S41. If the 

15 judgment in step S49 is yes, in step 350 Sdec is 
calculated and in step 351 the reference SIR is decreased 
by Sdec. 

Fig. 18 shows the configuration of the device of 
the seventh preferred embodiment. Only parts different 
20 from Fig. 15 are described below. 

In Fig. 18, the same number of decoders and CRC 
detectors as the number of data channels are provided. 
Since control parameters are common to all data channels, 
only one reference SIR control command determination 
25 unit is provided. However, since the number of receiving 
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blocks varies with a data channel, the same number of 
receiving block counters as data channels are needed- 
Figs. 19 and 20 show the eighth preferred 
embodiment . 

5 If a plurality of pieces of data are multiplexed 

in one physical channel (one physical frame) and also 
the blocks of each piece of data are irregularly 
transmitted/received, observation time period T, 
increment Sine at the time of reference SIR update 
10 control and decrement Sdec at the time of reference SIR 
update control of each piece of data can also be 
independently set . 

In such a case, conditions to be met by each piece 
of data become as follows. 
15 If the observation time period of data i, the 

number of blocks of data i received during the 
observation time period, increment at the time of 
reference SIR update control, and decrement at the time 
of reference SIR update control are assumed to be Ti, 
20 Bi, Sinci, and Sdeci, respectively, conditions to be met 
by Bi, SinCi, and SdeCi become as follows. 
{ 1- (l-BLERi) X Sinci 
= (l-BLERi)^^x SdeCi 

In this case, reference SIR increment Sinci is 
25 preset for each piece of data prior to the commencement 
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of communications, and if there is an error during the 
preset observation time period Ti, the reference SIR is 
increased by Sinci. If there is no error during the preset 
observation time period Ti, Sdeci is calculated based 
5 on the number of blocks received, Bi, during the 
observation time period Ti, and the reference SIR is 
decreased by Sdeci. 

Specifically, the reference SIR is updated as 
follows. 

10 New reference SIR = Old reference SIR + SiSinci 

- ZkSdecjc 

Fig. 19 is a flowchart showing the process of the 
eighth preferred embodiment. 

In step S60, both the number of receiving blocks 

15 of each piece of data and the number of observation 
frames are reset. In step S61, a TFCI is judged and in 
step S62 it is judged whether there are data in each 
data channel. If it is judged that there are no data, 
the process proceeds to step S69. If it is judged that 

20 there are data, in step S63 the number of receiving 
blocks is incremented and in step S64 the data are 
decoded. Then, in step s65 a CRC is detected. Then, in 
step S66 it is judged whether there is an error. If there 
is an error, in step S67 the reference SIR is increased 

25 by Sine and in step S68 both the number of receiving 
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blocks and the number of observation frames are reset. 
Then^ the process returns to step S61. 

If in step S66 it is judged that there is no error, 
in step S69 the number of observation frames is 
5 incremented and in step S70 it is judged whether the 
number of observation frames of each data channel 
exceeds that of the observation time period- If the 
judgment in step S70 is no, the process returns to step 
S61. If the judgment in step S70 is yes, in step S71 
10 Sdec is calculated and in step S72 the reference SIR 
is decreased by Sdec. Then, in step S73, both the number 
of receiving blocks and the number of observation frames 
are reset, and the process returns to step S61. 

Fig. 20 shows the configuration of the device in 
15 the eighth preferred embodiment. 

In the following description, only constituent 
components different from those shown in Fig. 18 are 
described. 

In the configuration shown in Fig. 20, the same 
20 number of both decoders and CRC detectors as data 
channels are provided. Since control parameters are set 
for each data channel, the same number of reference SIR 
control command determination units and conversion 
tables as the number of data channels are also provided. 
25 Fig. 21 shows the configuration of the device in 
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the ninth preferred embodiment. 

The configuration of the ninth preferred 
embodiment can be organized by combining the first to 
eighth preferred embodiments. 
5 Specifically^ the same number of decoders, CRC 

detectors, reference SIR control command determination 
units and conversion tables as data channels to be 
multiplexed are provided. 

However, both the decoding process and CRC 

10 detection are shared by a plurality of data channels. 
But, if both the decoding process and CRC detection are 
used in a time-divisional manner, only one decoder and 
only one CRC detector are acceptable. 

If the reference SIR update control by outer-loop 

15 is applied to a plurality of data channels using common 
T, Sine and Sdec (in the case of the second, third or 
seventh preferred embodiment) , one set of a reference 
SIR control command determination unit and a conversion 
table are shared by the plurality of data channels. If 

20 the reference SIR update control is independently 
applied to each of a plurality of pieces of data channels 
(in the case of the fourth, fifth or eighth preferred 
embodiment) , a different set of reference SIR control 
command determination units and conversion tables are 

25 used for each data channel. 
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Furthermore, if blocks are continuously 
transmitted/received (in one case of the first to fifth 
preferred embodiments) , the number of observation 
frames and the number of receiving blocks are the same 
5 or proportional to each other. Therefore, either 
receiving block counters or observation frame counters 
are sufficient, 

However, since blocks are discontinuously 
transmitted/received as in packet communications (in 
10 one case of the sixth to eighth preferred embodiments) , 
there is no fixed relation between the number of 
observation frames and the number of receiving blocks. 
Therefore, both observation frame counters for checking 
the end of the observation time period and receiving 
15 block counters used for the calculation of control 
parameters are needed. 

Fig. 22 shows the problems of the update method 
in the initial state of the reference SIR in outer-loop 
control . 

20 Specifically, if the initial setting value of the 

reference SIR is too large, in each preferred embodiment, 
Sdec is decreased after the lapse of the observation 
time period. Therefore, the reference SIR is not updated 
until each observation time period elapses. Therefore, 

25 it takes too much time for the reference SIR to settle 
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down to a stable value. If the initial setting value 
of the reference SIR is too small, the reference SIR 
is increased by Sine when an error occurs. Although the 
reference SIR increases sooner than when it decreases, 
5 Sine sometimes becomes larger than Sdec. Therefore, it 
also takes time for the reference SIR to settle down 
to a stable state. 

Fig, 23 shows the typical change of the reference 
SIR in outer-loop control in the tenth preferred 

10 embodiment of the present invention. 

According to the tenth preferred embodiment, a 
special value is set as the update step value of the 
reference SIR in an initial state. Therefore, even if 
the initial value of the reference SIR is too large or 

15 too small, a time needed to settle down to a stable state 
can be shortened. In particular, the reference SIR can 
be settled down to a stable state more rapidly by 
performing the update in the initial state for each frame. 
Therefore, stable and high-quality communications can 

20 be rapidly implemented. 

Figs. 24 and 25 show the tenth preferred 
embodiment of the present invention. 

In the initial state of communications, the set 
reference SIR sometimes is too large to satisfy a desired 

25 block error rate, specifically, in such a reference SIR 
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where an interval at which an error occurs becomes too 
long. In such a case, the method described above takes 
a long time for the reference SIR to settle down to the 
lowest value needed to satisfy a desired block error 
5 rate. 

Therefore, by the following method, this fact is 
prevented and the reference SIR is more rapidly settled 
down to the lowest value needed to satisfy a desired 
block error rate. 

10 If the reference SIR is large in the initial state 

of communications, an error is difficult to occur. In 
this case, if the setting value described above is used, 
the reference SIR can be decreased only during each 
observation time period T. Therefore, as shown in Fig. 

15 22, it takes a long time for the reference SIR to settle 
down to a stable state. 

Conversely, if the reference SIR is too small in 
the initial state of communications, an error occurs 
in almost every frame. Therefore, the reference SIR 

20 reaches a stable state in a short time. 

In the tenth preferred embodiment, in the initial 
state of communications, if there is no error, the 
reference SIR is decreased before the preset number of 
errors occur even if the observation time period does 

25 not come to an end. After the preset number of errors 
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occur^ the reference SIR is increased/decreased 
according to the algorithm shown in the first to third 
preferred embodiments. In this way, as shown in Fig. 
23, even if the reference SIR in the initial state of 
5 communications is too large, a time needed for the 
reference SIR to settle down to the stable state can 
be shortened. Therefore, the interference to other users 
can be reduced and stable communications can be more 
rapidly conducted. 

10 Fig. 24 is a flowchart showing the process of the 

tenth preferred embodiment. 

First, in an initial state process, in step S80, 
a state is set to an initial state and the number of 
increases is reset. In step S81 a CRC is detected and 

15 in step S82 it is judged whether there is an error, based 
on the result of the CRC detection. If it is judged that 
there is no error, in step S83 the reference SIR is 
decreased by the preset amount. If it is judged that 
there is an error, in step S84 the reference SIR is 

20 increased by the preset amount. Then, in step S85 the 
number of increases is incremented and the process 
proceeds to step S86- 

In step S86, it is judged whether the number of 
increases exceeds a setting value. If it is judged that 

25 the number of increases is below the setting value, the 
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process returns to step S81. If in step S86 it is judged 
that the number of increases is beyond the setting value, 
in step S87 the state is set to a stable state and the 
process proceeds to a stable state. 
5 In a stable state process, in step S88, the number 

of observation blocks is reset and in step S89 the CRC 
is detected. In step S90, it is judged whether there 
is an error, based on the result of the CRC detection. 
If it is judged that there is an error, in step S91 the 

10 reference SIR is increased by Sine. If in step S90 it 
is judged that there is no error, in step S92 the number 
of observation blocks is incremented and in step S93 
it is judged whether the number of observation blocks 
exceeds that during the observation time period. 

15 If the judgment in step 393 is no, the process 

returns to step S89. If the judgment in step S93 is yes, 
in step S94 the reference SIR is decreased by Sdec and 
the process returns to step S88. 

Although in this preferred embodiment, the stable 

20 state process is described using the first preferred 
embodiment, the process is not limited to the first 
preferred embodiment and can also be used in the other 
preferred embodiments . 

Although in this preferred embodiment, the 

25 reference SIR increase/decrease steps in an initial 
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state are preset, a designer should set the 
increase/decrease steps . 

Fig. 25 shows the configuration of the device of 
the tenth preferred embodiment. Although the 
5 configuration shown in Fig. 25 is almost the same as 
the configuration of the ninth preferred embodiment, 
the configuration shown in Fig. 25 comprises a state 
setting unit distinguishing an initial state from a 
stable state. The state of the reference SIR control 

10 unit set by the state setting unit is stored in a state 
register. The state setting unit comprises an increase 
counter, which counts the number of increases in an 
initial state. After a prescribed number of increase 
processes are completed, the state setting unit judges 

15 that the reference SIR has settled down to a stable state 
and moves to a reference SIR update process in a stable 
state. For the reference SIR update method, that of each 
preferred embodiment described above can be used. 

Figs. 26 and 27 show the eleventh preferred 

20 embodiment of the present invention. 

In the initial state of communications, the 
reference SIR is updated for each block. As a reference 
SIR increase/decrease control amount in an initial state, 
a large value is set compared with that in a stable state. 

25 After more than a predetermined number of reference SIR 
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increases/decreases, the reference SIR settles down to 
a stable state and ordinary outer-loop control is 
exercised in the way described about the first to ninth 
preferred embodiments. Since the reference SIR is 
5 increased/decreased for each frame, the reference SIR 
reaches a stable state in a short time even if the initial 
setting value of the reference SIR is too large or too 
small . 

Fig. 26 is a flowchart showing the process of the 

10 eleventh preferred embodiment. 

First, in the initial state process, in step SlOO, 
a state is set to an initial state and the number of 
increases/decreases is reset. In step SlOl, a CRC is 
detected. In step S102, it is judged whether there is 

15 an error, based on the result of the CRC detection. If 
it is judged that there is no error, in step S103 the 
reference SIR is decreased- Then, in step S105, the 
number of decreases is incremented and the process 
proceeds to step S107, If in step S102 it is judged that 

20 there is an error, in step S104 the reference SIR is 
increased. Then, in step S106, the number of increases 
is incremented and the process proceeds to step S107. 

In step S107, it is judged whether the number of 
increases/decreases exceeds a setting value. If the 

25 judgment in step S107 is no, the process returns to step 
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SlOl- If the judgment in step S107 is yes^ in step S108 
the state is set to a stable state and the process 
proceeds to step S109. 

In step S109, the number of observation blocks is 
5 reset and in step SllO the CRC is detected. In step Sill 
it is judged whether there is an error, based on the 
result of the CRC detection. If it is judged that there 
is an error, in step S112 the reference SIR is increased 
by Sine and the process returns to step S109. If in step 

10 Sill it is judged that there is no error, in step S113 
the number of observation blocks is incremented and in 
step S114 it is judged whether the number of observation 
blocks exceeds that of blocks during the observation 
time period. If the judgment in step S114 is no, the 

15 process returns to step SllO. If the judgment in step 
S114 is yes, in step S115 the reference SIR is decreased 
by Sdec and the process returns to step S109. 

As in the tenth preferred embodiment, for the 
stable state process, those of the first to ninth 

20 preferred embodiments can be used. 

Fig. 27 shows the configuration of the device on 
the eleventh preferred embodiment. 

Although the configuration shown in Fig. Fig. 27 
is almost the same as that of the tenth preferred 

25 embodiment, in Fig. 27 the state setting unit comprises 
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an increase counter, which counts the number of 
increases- If the counter value of the increase counter 
and the counter value of the decrease counter exceeds 
a prescribed value, the reference SIR control unit 
5 shifts from an initial state process to a stable state 
process. The state setting unit manages the state of 
the reference SIR control unit, and the current state 
is stored in the state register. 

According to the present invention, since of the 

10 block error observation time period T, reference SIR 
increment Sine, and reference SIR decrement Sdec, two 
parameters can be determined with priority, the 
parameters can be freely determined. Therefore, both 
a system and hardware can be flexibly designed as 

15 requested- 

Even if a reference SIR is too large in the initial 
state of communications, a time needed for a reference 
SIR to settle down to a stable state can be shortened 
and interference to other users can be reduced. 

20 Therefore, stable communications can be more rapidly 
conducted . 



